Children with prenatal exposure to cocaine are at higher risk for negative behavioral function and attention difficulties, and have demonstrated brain diffusion abnormalities in frontal white matter regions. However, brain regions beyond frontal and callosal areas have not been investigated using diffusion tensor imaging (DTI). DTI data were collected on 42 youth aged 14-16 years; subjects were divided into three groups based on detailed exposure histories: those with prenatal exposure to cocaine but not alcohol (prenatal cocaine exposure (PCE), n ¼12), prenatal exposure to cocaine and alcohol (cocaine and alcohol exposure (CAE), n ¼ 17), and controls (n ¼13). Tractography was performed and along-tract diffusion parameters were examined for group differences and correlations with executive function measures. In the right arcuate fasciculus and cingulum, the CAE group had higher fractional anisotropy (FA) and/or lower mean diffusivity (MD) than the other two groups. The PCE group demonstrated lower FA in the right arcuate and higher MD in the splenium of the corpus callosum than controls. Diffusion parameters in tracts with group differences correlated with measures of executive function. In conclusion, these diffusion differences in adolescents with prenatal cocaine exposure suggest localized, long-term structural brain alterations that may underlie attention and response-inhibition difficulties.
Introduction
Although initially there was concern that prenatal cocaine exposure (PCE) would lead to pervasive cognitive, emotional, and behavioral problems, the literature describing the impact of PCE on early development has yielded relatively small effects. Young children (o6 years) prenatally exposed to cocaine tend to exhibit physical growth, developmental test scores and language abilities within the normal range (Frank et al., 2001) , and most deficits observed can be explained by other environmental variables such as prenatal alcohol exposure. However, several studies have identified behavior problems (Kodituwakku and Kodituwakku, 2011; Schneider et al., 2011) and attention and ... responseinhibition difficulties (Accornero et al., 2007; Ackerman et al., 2008; Savage et al., 2005; Schroder et al., 2004) in children with PCE compared to non-exposed controls. Less is known about the effects of PCE during adolescence, though this is a key period of cognitive, emotional, and brain development. There is evidence of memory impairment in adolescents with PCE (Sullivan et al., 2010) , suggesting that further investigation is warranted.
Understanding the long-term effects of PCE on both executive function and the underlying brain structure is important to provide a full picture of the consequences of PCE. Studies of cocaine-exposed children and adolescents (up to age 15 years) describe structural brain abnormalities including smaller caudate volume (Avants et al., 2007; Rao et al., 2007) , reduced cortical gray matter and total brain volume (Rivkin et al., 2008) , larger amygdala (Rao et al., 2007) and increased water diffusion in frontal areas (Warner et al., 2006) . However, some studies have found no brain volume abnormalities (Smith et al., 2001) , no diffusion abnormalities (McKee et al., 2007) , or effects that do not survive correction for other drug exposures (Rivkin et al., 2008) . Furthermore, many individuals with PCE also have prenatal exposure to alcohol, yet only a few of the abovementioned studies considered prenatal alcohol exposure in their analyses (Rao et al., 2007; Rivkin et al., 2008; Warner et al., 2006) . As heavy alcohol exposure in utero has been linked to structural brain damage (Lebel et al., 2011) , some findings in cocaine studies may not be specifically related to the cocaine exposure.
The goal of this study was to use diffusion tensor imaging (DTI), an imaging technique that provides a measure of white matter microstructure, to examine structural differences throughout the 
